ABSTRACT
INTRODUCTION
Eclipsing binaries have proved to be powerful probes for studying a wide range of astrophysical problems. They are the primary sources in providing fundamental stellar parameters such as mass, radius and luminosity, which are very important in testing theoretical models of stellar evolution (Soszyński et al. 2016) . Over the past decades, the number of known eclipsing binaries has increased rapidly. Photometric light curves of eclipsing binaries are archived by many survey projects, such as the Optical Gravitational Lensing Experiment (OGLE) (Graczyk et al. 2011; Rucinski 1997) , the All Sky Automated Survey (ASAS) (Jayasinghe et al. 2019 ) and the Kepler Space Telescope Slawson et al. 2011) . What is even more exciting is that many spectroscopic survey projects are carried out at the same time, such as the Sloan Digital Sky Survey (SDSS) (York et al. 2000) , the Large Sky Area Multi-Object Fibre Spectroscopic Telescope (LAMOST) (Qian et al. , 2018 and the Gaia mission (Gaia Collaboration et al. 2016 . This means that many eclipsing binaries have been observed by both photometric and spectroscopic methods. The observations on contact binaries have a long history. Almost all identified contact binaries belong to eclipsing binaries. However, the formation of contact binaries is still an open issue. Some researchers claim that contact binaries evolve from low-mass detached close binaries via the loss of angular momentum by means of a magnetic wind (Tutukov et al. 2004; Yıldız & Dogan 2013) . Another hypothesis is that tertiary components have played a very important role in the formation of contact binaries by removing angular momentum from the central binaries (Qian et al. , 2014 . Tertiary components are really common in contact binaries and almost every kind of celestial body can be a tertiary component orbiting the central binary, from planets to black holes (Xiao et al. 2016) . Tokovinin et al. (2006) conclude that 96 % of binaries with periods shorter than 3 days have tertiary components, based on a survey of 165 solar-type spectroscopic binaries. What is more, some contact binaries even have close-in companions with distance less than 3 AU (Zhou et al. 2017) , and contact binaries with more than one companions were also reported (Zhu et al. 2013; Li et al. 2015) . All of these hierarchical contact binaries are very important samples for investigating the dynamic interactions among multi-stellar systems.
In 1970, Bond (1970) reported three newly discovered W UMa type contact binaries, one of which was V752 Cen (HD 101799, V = 9.1 m ). Later, Sisteró & Castore de Sisteró (1971 , 1973 observed V752 Cen photometrically and obtained U BV light curves. They claimed that V752 Cen was a completely eclipsing binary system and its components nearly filled their respective Roche lobes (a semi-detached system). The radial velocity curves of V752 Cen were also published by Sisteró & Castore de Sisteró (1974) , which revealed that V752 Cen was a double-lined eclipsing binary with the spectral type of its two component stars to be F8 and F5. However, Leung (1976) claimed that V752 Cen was a contact binary with a fill-out factor of f = 6.3 % after he reanalyzed the light curves obtained by Sisteró & Castore de Sisteró (1971 , 1973 . Barone et al. (1993) also supported the contact configuration with a little higher fill-out factor (9 %). The fill-out factor is defined as f =
, where Ωin and Ωout are the potentials at the inner and outer Lagrangian points of a binary system, and Ω1,2 are the surface potentials of the component stars (Ruciński 1973) . The high resolution spectroscopy of V752 Cen found that it may be a triple-lined spectroscopic quadruple system (Schumacher 2009 ). Mallama & Pavlov (2015) pointed out that the orbital period of V752 Cen was not always constant, and there were some small magnitude changes around the time that the period was inferred to change. V752 Cen was also listed in the Gaia Data Release 2 (DR2) with effective temperature to be T1 = 6138K and parallax to be 7.96mas (Gaia Collaboration et al. 2016 .
In the present work, we are going to reanalyze the light curves of V752 Cen published in April 1971 and the newly obtained ones in April 2018 to derive the physical parameters of the primary star and the secondary one. And also, its period variations over the past several decades will be revealed. Research on this hierarchical stellar system will provide valuable information about the evolution of hierarchical contact binary systems.
PHOTOMETRIC OBSERVATIONS
Photometric observations of V752 Cen were carried out at the Complejo Astronomico El Leoncito (CASLEO), San Juan, Argentina, with the 0.60 m Helen Sawyer Hogg (HSH) Telescope on 2018 April 15 -19. Johnson-Cousins BV RcIc filters were used during the observations. However, only one filter was used each night. The V filter was used on 2018 April 15 and 19, and the Rc, Ic and B filters were used on 2018 April 16, 17 and 18, respectively. The observational light curves are displayed in Fig. 1 . In order to get more minima times and cover a longer time span in the O -C diagram, V752 Cen was observed again with the Ic filter on 2019 June 7. A total of ten mid-eclipse times of V752 Cen were determined, which are listed in Table 1 .
INVESTIGATION OF PERIOD VARIATIONS
Period variations commonly appear in close binary systems, especially for contact binaries, due to the possible mass transfer between their component stars or angular momentum loss from the binary systems. V752 Cen is a short period eclipsing binary system, which is listed in the International Variable Star Index (VSX) 1 as having a period P = 0.37023198 days. In the present work, all published mid-eclipse times of V752 Cen were collected to investigate its period variations. And also, V752 Cen was observed by the SuperWASP project (Butters et al. 2010 ) and the Transiting Exoplanet Survey Satellite (TESS) (Ricker et al. 2015) . The observational light curves were downloaded and 84 mid-eclipse times were determined from SuperWASP data. V752 Cen was observed by TESS from 2019 March 26 to 2019 April 22 continuously and 120 times of minima were determined (see Table 2 ). The minima in HJD were converted to BJD since the minima determined in TESS data used BJD time system. The linear equation used to calculate the O − C values is:
Column 1 -Heliocentric Julian Date of the observed mid-eclipse times (HJD -2400000); Column 2 -Barycentric Julian Date of the observed mid-eclipse times (BJD -2400000); Column 3 -primary (p) or secondary (s) mid-eclipse times; Column 4 -PE, Vis and CCD refer to photoelectric, visual and Charge Coupled Device observations; Column 5 -error of mid-eclipse times; Column 6 -cycle numbers from the initial epoch; Column 7 -the O − C values calculated from Equation 1; Column 8 -the references; References: (1) Bond (1970) ; (2) The O − C values calculated with Equation 1 are displayed in Fig. 2 with solid circles. The solid circles are split into two parts since the period of V752 Cen seems to change suddenly around the year 2000. Its period was constant during the first 30 years after it was first reported by Bond (1970) , as displayed in the upper panel in Fig. 2 
The fitting of the observed O -C data reveals that the period of V752 Cen changed suddenly around the year 2000. Since then, it has been increasing continuously at a rate of dP/dt = +5.05 × 10 −7 day · year −1 (+0.044s · year −1 ). To illustrate the sudden period change more clearly, the O -C curve for the whole time span is shown in Fig. 3 . It should be mentioned that we have tried to fit the observed O -C data with other possibilities, for example, orbital motion of the contact binary in a long-period elliptical orbit. However, the latter possibility would require the presence of a star (or stars) with an implausibly high mass (masses), so it was dropped from further consideration.
MODELING THE LIGHT CURVES
The light curves were obtained in April, 1971 . The newly observed light curves displayed in Fig. 1 were obtained in April, 2018. The two sets of light curves are modeled with the Wilson-Devinney (W-D) program (Wilson 2012; Wilson & Van Hamme 2014) . The light curves show that V752 Cen is a totally eclipsed W UMa system. Mode 3 for contact binary is chosen, and the q-search method is not necessary (Terrell & Wilson 2005) . The mean surface temperature is given as T1 = 6138K in the Gaia DR2 with a typical error of 324K (Andrae et al. 2018) . Sisteró & Castore de Sisteró (1974) reported that the spectral type of the primary star is F8, corresponding to a temperature of 6250K (Cox 2000) . The spectral types derived from B -V and J -H were G0 and F7, respectively. We adopted the temperature from the Gaia DR2 since the uncertainty of about 300K in temperature will not significantly change parameters like mass ratio, orbital inclination and fill-out factor (Jiang et al. 2015 ; Zhou et al. 2015) . The gravity-darkening coefficients and bolometric albedo coefficients are set at g1 = g2 = 0.32 (Lucy 1967) and A1 = A2 = 0.5 (Ruciński 1969) , respectively, and the limb darkening coefficients are set accordingly (Van Hamme 1993).
The star eclipsed at primary minimum is assumed to be the primary star. The adjustable parameters are the mass ratio (q), orbital inclination (i), modified dimensionless surface potential of the primary star (Ω1), mean surface temperature of the secondary star (T2), bandpass luminosities of the primary star (L1), and spots' parameters. The determined photometric parameters are listed in Table 3 . The theoretical light curves based on the Roche model are displayed in Fig. 4 and Fig. 5 . The U and B band light curves are shifted vertically by 0.3 and 0.1 mag in Fig. 4 . The V band light curves observed on 19 April 2018 are shifted vertically by -0.2 mag in Fig. 5 . 
DISCUSSION AND CONCLUSION
According to the photometric solutions in Table 3 , the light curves observed in 1971 and 2018 provide almost consistent results. The two component stars and geometric structure of V752 Cen were quite stable over the past forty-eight years.
The solutions show that V752 Cen is a W-subtype contact binary sytem. The star eclipsed at primary minimum is hotter but less massive than the star eclipsed at secondary minimum. The orbital inclination is i( • ) = 82.07, and the totally Sisteró (1974) : (M1 + M2)sin 3 i = 1.648 ± 0.089M⊙ , the absolute parameters of the two component stars are calculated and listed in Table 4 . The orbital semi-major axis is calculated to be a = 2.59(±0.05)R⊙. It should be mentioned that the mass ratio of V752 Cen was determined to be q = 0.31 from spectroscopic observations (Sisteró & Castore de Sisteró 1974) , which was similar to our value (1/3.35 = 0.30).
V752 Cen is a triple-lined spectroscopic quadruple system, and the tertiary and fourth components may make up a far away binary system (Schumacher 2009 ). We have also tried to set third light (l3) as a free parameter while modeling the light curve with the W -D program. However, the solution is not convergent. It means that the potential binary orbiting around V752 Cen should be late-type stars and don't contribute any light to the light curves of V752 Cen. The period analysis of V752 Cen reveals that its period was constant from 1970 to 2000, which means there was no mass transfer between the two component stars during that time interval. Then, its period changed suddenly around the year 2000. However, photometric analysis implies that the component stars in central binary system are very stable. Thus, the sudden period change may have been caused by the interaction between V752 Cen and the potential binary that is orbiting it. The period of V752 Cen has been increasing continuously at a rate of dP/dt = +5.05×10
−7 day ·year −1 (+0.044s·year −1 ) after that sudden period change happened. The period change is almost the same as that determined by Lohr et al. (2015) , which was +0.04379s · year −1 . It can be explained by mass transfer from the less massive component star to the more massive one, and the mass transfer rate is estimated to be dM 2 dt = 2.52 × 10 −7 M⊙/year. Both spectroscopic and photometric observations have indicated that many contact binaries are accompanied by at least one additional companion (Pribulla & Rucinski 2006; Rappaport et al. 2013) . Therefore, hierarchical contact binary systems are probably common. What is more important is that all short period M-dwarf contact binaries may have additional companions since the time-scale of angular momentum loss for the components is too long (Stȩpień 2011) . Naoz & Fabrycky (2014) claim that the eccentric Kozai-Lidov mechanism may remove angular momentum from central binaries and result in tidal tightening of inner binaries in triple star systems. However, no observational evidence on dynamic interactions between inner binaries and additional companions was reported. In that respect, V752 Cen is a very interesting hierarchical contact binary system with significant research value. The research on its light curves and period variations suggests that dynamic interactions may have happened between the inner binary and companion stars orbiting it. However, more observations and analyses on hierarchical contact binary systems are still needed to investigate the dynamic mechanism between the central binary and its companion stars in detail.
